Sea urchins possess several distinct sets of histone genes, including "early" genes, maximally active in cleavage and blastula stages, and "late" genes, active from the late blastula stage onwards. We determined the nuceleotide sequences of six sea urchin (Strongylocentrotus purpuratus) late histone genes located on four genomic segments. Comparative analysis of these sequences identified several, conserved elements in 5' flanking regions, including the sequences ATGPyA .N , . shared by all late genes and GGCGGGAAATTGAAAA shared by two late H4s. Comparisons of protein-coding sequences of late H4 and H2B genes with their early counterparts showed that silent sites have diverged to the theoretical maximum, indicating that early and late histone gene classes diverged at least ZOO million years ago. Since extant echinoderms evolved from a common ancestor at about that time, it is likely that early and late histone gene sets are characteristic of all echinoderm groups. Amino acid sequences derived from nucleotide sequences of late H2A and H2B gistone genes differ substantially from amino acid sequences of their late counterparts. Most such differences are in highly mutable positions. A few, however, occur in positions that do not mutate frequently and thus may reflect functional differences between the early and late forms of the H2A and H2B proteins.
INTRODUCTION
We wish to understand both how these different classes of histone genes are regulated and the significance of multiple classes of histone genes for development and differentiation. As a step toward these goals we isolated six genes encoding late histone proteins from the sea urchin Strongylocentrotus purpuratus. We showed previously that these genes are located on four distinct cloned genomic segments, LI, Plasmids were prepared by the standard cleared lysis procedure (13) . Single stranded, M13 replicative form DNA was prepared as described (12) .
LZ, L3, L4 (4)
.
DNA Sequencing
Restriction enzyme cleavage sites were mapped on cloned DNA segments by digestion with combinations of enzymes (13) and by partial cleavage of terminal-labeled DNA (14) . Desired fragments were separated on aery lam id e gels, electroeluted, and purified by passage over DEAE sephacel (13) . Purified fragments were labeled at their 5' termini with P using T4 polynucleotide kinase and P-ATP. After strand separation or secondary cleavage to remove one end label, such fragments were sub- 19 more closely than any other gene tested. Figure 3 shows that sequence blocks A-E are virtually identical in these two genes. It is at first puzzling that H4 genes from different species are more similar than those from the same species. Most probably, this simply indicates that the duplication event that gave rise to the two S. purpuratus H4 genes took place long before the branching of the L2 and Lp 19 genes and before the branching of the Strongylocentrotus and Lytechinus lineages.
We found several conserved sequence blocks, labeled A'-F' in Figure 3 In summary, although most of sequence elements identified in our comparative analysis are present in both early and late histone genes, the early and late versions of these sequences have diverged substantially. Thus, these elements may be involved in the differential regulation of the two gene sets.
5' and 3' Untranslated Regions
Both 5' and 3' untranslated regions (UTRs) of sea urchin early histone genes have been implicated in regulation: a positive-acting transcription factor requires sequences in the 5' UTR for its activity (28) ; the 3' UTR and flanking region are required for correct processing of histone mRNA 3' termini, and may be involved in periodic fluctuations of histone mRNA levels during the cell cycle (29) . We therefore examined the 5' and 3' UTRs of the late histone genes for conserved structures. We previously mapped the transcription start sites of the LI H4, LI H2B, L2 H4, L3 H2A
and L3 H2B genes (11) . Using these sites to demarcate the 5' border of the leader sequences, we performed pairwise comparisons of the leaders of the sequenced late genes and the early H2A, H2B and H4 genes. These compairsons showed that the late gene leader sequences have diverged substantially from each other and even more from their early counterparts. We could not detect any sequence elements common to late histone gene leaders. Neither could we identify common secondary structure (data not shown). It appears, therefore, that apart from possessing leader sequences of approximately the same length (30), late histone mRNAs do not shart structural elements in these regions.
The 3' termini of most histone mRNAs are flanked proximally by a palindromic sequence (in the UTR) and distally by the elements ACCA and CAAGA (29) . The late histone genes that we have examined share these sequence motifs (Figure 2 ). (8), and since the apparent rate of evolution of coding sequences is not known to vary significantly from 0.5% per million years, a gene conversion event seems the more likely explanation for this anomaly.
Late H2A and H2B Histone Protein Sequences
Our data show that early and late H2A and H2B proteins differ substantially in amino acid sequence, but the majority of these differences occur in positions known to be highly mutable on the basis of comparisons of a wide variety of histone sequences, and thus may not be functionally significant. We did observe two amino acid substitutions, one in the early H2A and one in the early H2B, that were not in highly mutable positions. The early H2A sequence contains a methionine at position 74, the late H2A a leucine. The early H2B has a serine residue at position 74 and its late H2B counterpart on alanine. Early and late H2A sequences of P. miliaris also show the met-ser substitution at position 51, suggesting that it may have functional significance.
However, the ser-ala substitution observed in the S. purpuratus early and late H2Bs
is not present in early and late H2B sequences of P^ miliaris; both P^ miliaris H2Bs
contain an alanine at this position. The ser-ala substitution has therefore appeared in the j>. purpuratus early H2B sequence in the recent evolutionary past and is not likely to be functionally important.
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